Background: Only few studies, with small patient cohorts, have evaluated the effect of radiotherapy (RT) for metaplastic breast cancer (MBC). Hence, it is important to investigate the role of RT in MBC survival using a large population-database.
Background
Metaplastic breast cancer (MBC) is a rare pathologic entity of the mammary gland accounting for about 0.2-2% of breast cancer diagnoses and is generally associated with poor overall survival (OS) [1] [2] [3] . In 2010, MBC was defined as a unique histologic subtype by the World Health Organization [4] . The histologic classification of MBC is primarily based on the morphology of tumor cell types: purely epithelial or mesenchymal components, or a mixture of both [5] . Because of the increased cognizance of MBC by pathologists, lately there has been a rise in diagnoses [6, 7] . In the past decade, four independent databases confirmed the worse prognosis of MBC compared with non-MBC [7] [8] [9] [10] . However, in light of its rarity, there are no association-endorsed treatment guidelines specific to the management of MBC. In the recently revised National Comprehensive Cancer Network (NCCN) guidelines, metaplastic carcinoma, defined as more than 10% of the tumor phenotype, is an independent prognostic variable; however, the guidelines used for its treatment are the same as for infiltrating ductal carcinoma (IDC) [11] . Compared with IDC, MBC tumors are often in a more advanced T stage, less likely to have nodal involvement, more likely to be hormone receptor negative, and of higher grade. A recent casecontrol study demonstrated that the proportion of triple negative breast cancer (TNBC) in patients with stage I-III MBC is significantly higher than in IDC patients with the same stage (64.1% vs 12%, p < 0.001) [12] . Even when restricted to patients with TNBC, survival disparities persist between MBC and IDC [8] .
Because of the high incidence of hormone receptor negativity in MBC, the majority of these patients receive systemic therapy after surgical treatment [13] . Endocrine therapy is unlikely to influence survival. On the other hand, Cimino et al. [14] showed that adjuvant chemotherapy was associated with improved OS of patients with MBC, although the effect was limited to early-stage cases. Multiple other reports have demonstrated that MBC have a poorer response to chemotherapy regimens when compared to IDC [15] [16] [17] [18] [19] [20] . Regarding the effectiveness of radiotherapy (RT) for MBC, there is a limited number of studies and the investigated patient cohorts are generally small. Tseng and Martinez [10] studied a cohort of MBC patients treated between 1988 and 2006 and concluded that the use of adjuvant RT independently associates with improved OS. Similar results were reported in another study, indicating an improvement in local-regional recurrence (LRR) (p = 0.009) and OS (p < 0.001) after RT [21] .
Thus, adjuvant RT should be explored as an approach to improve the dismal outcome of MBC. Indeed, precise guidelines are needed regarding the administration of adjuvant RT.
For these reasons, we analyzed a large database from the Surveillance, Epidemiology, and End Results (SEER) registry, through conventional methods and a propensity score matching (PSM) approach to investigate the impact of postoperative RT and clinicopathologic factors of MBC on patient prognostics.
Methods

Study population and data sources
The database from the National Cancer Institute's SEER program was queried to build our study cohort. The SEER database includes 18 registries covering approximately 28% of the U.S. population and contains basic demographics and some clinical characteristics [22] . We used the SEER database, to include all participants diagnosed with microscopically confirmed MBC between the years 1973-2015. Metaplastic histology was identified with SEER ICD-0-3 codes: 8052, 8070-8072, 8074, 8560, 8571, 8572, 8575, and 8980. All patients diagnosed on autopsy or death certificate, or that presented stage IV MBC, with multiple primary lesions, or that received neoadjuvant RT were excluded from the study. The following clinicopathological factors were extracted from the SEER database: age at diagnosis; marital status; race; TNM stage; tumor grade; hormone receptor status; T stage; N stage and treatment data including surgery for the primary site, chemotherapy record, and adjuvant radiotherapy.
Survival analysis and propensity matching
PSM is a tool for decreasing selection bias in non-randomized studies and achieving balance covariates across treatment groups. The propensity score is the conditional probability of assignment to a particular treatment given a vector of observed covariates [23] . PSM permits the exclusion of bias factors that predict a type of treatment rather than the treatment per se. We created a matched dataset using PSM, using age (over and equal or under 60 years old), marital status, race, T stage, N stage, tumor grade, estrogen receptor (ER) status, progesterone receptor (PR) status, and treatment options including surgery (lumpectomy or mastectomy) and chemotherapy (yes versus no) as covariates. Then, PSM was performed using 1:1 nearest neighbor matching to create a matched pair between the RT group and the No RT group. A Chi square test for categorical variables was used to compare across groups.
Statistical analysis
We employed univariate and multivariate Cox proportional hazard models to identify factors associated with improved OS and breast cancer-specific survival (BCSS), using results reported as hazard ratio (HR) and 95% confidence intervals (CI). OS was defined as the time from diagnosis to death or last follow-up. Patients with BCSS were identified using the cause of death provided by the death certificate. In order to account for missing values, multiple imputation methods using polytomous logistic regression were applied by MICE package in R software [24] and pooled the modeled data for a complete data set. The Kaplan-Meier method was used to estimate the survival curve and log-rank test was performed for comparison of survival between the nominal variables. All statistical analyses were conducted using R software (ver.3.5.1) and SPSS statistical software (ver.24.0) with a two-sided p value < 0.05 considered statistically significant.
Result
Patient characteristics
Overall, 2267 patients who received treatment for MBC were identified from the SEER database. We divided the patients into two distinct groups, those who received RT (case, n = 1086) and those who did not receive adjuvant RT (No RT-control, n = 1181) ( Fig. 1 ). Because multiple clinical parameters were necessary for this study, only patients diagnosed with MBC during 1998-2015 met the inclusion criteria (Additional file 1: Table S1 ). Clinical and pathologic characteristics of all MBC patients are presented in Additional file 2: Table S2 . The median follow-up for all MBC patients was 44 months. MBC tumors were more commonly of high grade (G3/G4: 72.4%), although 10.9% had unknown tumor grade, and no lymph node involvement (76.8%), Patients were more commonly treated with mastectomy (58.3%). Breast-conserving surgery was carried out in 41.7% of patients. ER and PR were not expressed in 77.1% and 81.5% of MBC patients, respectively. Around 51.2% of patients underwent sentinel lymph node biopsy (SLNB). Given the significant differences between case and control groups, a PSM was used to balance the distribution of most demographic and clinical characteristics. After matching, no variables were significantly different between cases and controls ( Table 1 ). Participants were predominately matched within the common region (Additional file 3: Figure S1A ).
Survival analyses in the whole SEER cohort
OS of the entire cohort was 70.7% at 5 years and 61.0% at 10 years while the BCSS of was 76.3% at 5 years and 72.4% at 10 years. All the baseline characteristics and selected variables were included in univariate and multivariate analyses in relation to both OS and BCSS ( Table 2) . Patients who underwent mastectomy were found to receive less RT than patients undergoing breast conserving therapy (Additional file 3: Figure S1B ), despite a much higher rate of tumors > 5 cm (Additional file 3: Figure S1C ). As expected, increased age, higher N stage, and larger tumor size were associated with worse OS and BCSS, while receiving RT was strongly associated with better survival (OS: HR 0.73; 95% CI 0.61-0.88; p = 0.001 BCSS: HR 0.71; 95% CI 0.58-0.88; p = 0.002). In fact, in patients receiving RT, OS was 77.1% at 5 years and 66.9% at 10 years versus respectively 64.6% and 55.3% in patients not receiving RT ( Fig. 2a ). BCSS for patients receiving RT was 80.1% at 5 years and 74.5% at 10 years compared with 72.6% and 70.5% in patients not receiving RT (Fig. 2b) . Chemotherapy was only associated with improved OS, but not BCSS in multivariate analysis ( Table 2) .
In order to assess the influence of RT regimen and chemotherapy regimen on our results, we determined the time points when significant changes in BC therapy took place and we split our initial cohort into two cohorts, before and after the changes in therapy. The most significant changes in the RT regimen for breast cancer patients occurred during the period 1997-1999 [25] [26] [27] . In the present study, the majority (96.33%) of the MBC patients were diagnosed after 2000 (Additional file 1: Table S1 ), implying that the radiotherapy received by these patients was mostly homogenous. On the other hand, around 2005 we assisted to a significant change in breast cancer treatment which consisted in the addition of taxanes (docetaxel and paclitaxel) to the adjuvant chemotherapy regimens [28, 29] . Therefore, we decided to divide the cohort in two time periods and repeat the analysis to test the effect of RT for MBC in the 2 different periods (Group 1: from 1998 to 2005 and Group 2: from 2006 to 2015). Interestingly, for both groups we obtained a better OS and BCSS if radiotherapy was performed (similar to the results on the whole cohort) (Additional file 4: Figure S2 A-D). Despite the changes in the chemotherapy regimen, the addition of radiotherapy to MBC is still beneficial. There was in fact a better OS for the 2006-2015 cohort (P < 0.0001; Additional file 4: Figure S2C ) than the 1998-2005 cohort (P = 0.013, Additional file 4: Figure S2A ) and the BCSS was minimally improved in the 2006-2015 cohort (1998-2005 Cohort: P = 0.0024; 2006-2015 Cohort: P = 0.0019; Additional file 2: Table S2 B and D). This could be due in part because of the taxanes, which are known to increase the radio-sensitivity of cancer cells in vitro [30] . 
Survival analysis in propensity score-matched cohort
In the matched cohort, univariate analysis revealed similar prognostic factors for OS and BCSS to the results of unmatched cohort: age, PR status, marital status, larger tumor size, higher N stage and, axillary lymph node dissection (ALND). Only age did not result a prognostic factor for BCSS. Survival curves according to the RT are shown in Fig. 2c, d . Multivariate analysis also showed that patients receiving RT survived significantly longer than those without RT (5-year OS, 74.2% vs 61.5% p < 0.001; BCSS, 71.4% vs 64.9% p < 0.001). Additionally, age, marital status, larger tumor size, and higher N stage were maintained as prognostic factors for OS and BCSS.
Results of survival analysis in the propensity-matched cohort are summarized in Table 3 .
Exploratory subgroup analysis assessing the benefit of RT according to the clinical characteristics
To detect precise subgroups of patients that could benefit from RT, PSM was performed for each subgroup including age, tumor size, N stage, breast operation, and ALND as covariates. A significantly increased OS was observed when RT was given to older patients (≥ 60 years old) (HR 0.614, P = 0.001) and those with larger tumor size (HR 0.593, P = 0.01) ( Fig. 3a, b ). In the subgroup of N0 stage, RT was also associated with an improvement of OS ( Fig. 3c ). After PSM, RT maintained the significant survival advantage in the N0 stage subgroup (Fig. 3d ). MBC patients who received RT also had better survival in N1 stage subgroup (Fig. 3e ). RT could reduce the risk of death by 58.0% for patients with N1 stage, while for patients with N0 stage the reduction was only 30.6%. Patients receiving breast-conserving surgery and RT demonstrated 43.7% decrease in death from any cause when compared with patients receiving mastectomy and RT, these last showing a reduction of only 25.7%. Patients who underwent SLNB and ALND had similar benefit from RT (42.9% vs 31.9.0% reduction of deaths, respectively) (Additional file 5: Figure S3 ).
Discussion
To our knowledge, this is the first population-based study using PSM analysis to assess the role of RT in treating MBC. In this study, significant improvements in survival were observed for patients treated with RT, especially when elderly (≥ 60 years), and with large tumor size. The beneficial effect on survival observed in the SEER database highlights the importance of RT in the management of MBC. As a rare breast cancer subtype, the optimal treatment options for MBC are relatively unknown. The role of RT in improving survival for locally advanced IDC and post breast-conserving operations has been established well [8, 31] . However, for MBC the effectiveness of RT is yet to be defined. Although MBC is more aggressive than IDC, overall the use of RT is lower in the MBC population compared to IDC (48.3% MBC vs 54.3% IDC, P = 0.0001) [8] : in fact, only 62% of MBC patients who undergo lumpectomy received RT, while post-lumpectomy RT is a standard therapy for treating IDC patients [10] . In our study, 47.9% of MBC received RT, and the treatment was given to 73.2% of patients who received a breast-conserving operation. Rakha et al. [32] reported no association between RT and survival outcomes in patients with MBC, but several other studies demonstrated that the use of adjuvant RT independently associates with improved survival [8] . In a study on 1501 MBC patients, RT was found to be associated with better overall and disease-free survivals [10] . Another cohort study showed that RT was independently associated with better survival of MBC patients (HR 0.81, 95% CI 0.78-0.84). Similar results were reported in a case series 17:318 study that indicated an improvement in the OS of MBC patients after RT [3] . In our study, univariate and multivariate results demonstrated that RT was independently associated with an improvement in OS and BCSS and the results were independent of the changes that occurred in chemotherapy regimen over the years. PSM analyses also confirmed these results. Currently, RT practices on MBC are comparable with those on IDC [33] . Nevertheless, there are significant biological differences between MBC and IDC. Compared to IDC, MBC cells express lower levels of ER, PR, and HER-2 (a phenotype similar to TNBC) and express higher levels of Ki-67 and p53 [3, 6] . Molecular subtyping reveals that MBC tumors frequently display basal-like phenotypes. However, patients with triplenegative MBC have worse survival than patients with triple-negative IDC [15] . Moreover, patients with MBC have larger, higher-grade tumors with less involvement of the regional lymph nodes than IDC subjects [33, 34] . Additionally, MBC tends to disseminate hematogenously rather than lymphatic [13] . Wargot et al. [35] showed that MBC has an incidence of axillary lymph node metastasis ranging from 6 to 26%, depending on the subtype of MBC. Our study reported that only 23.2% of MBC had lymph node involvement. Since in MBC there is a high potential for metastatic spread to the lung and brain via blood vessels [36, 37] , circulating tumor cells (CTC) may be playing a role in the metastatic progression. Some findings showed that the presence of CTC is an independent predictor of relapse and death in patients with operable breast cancer [38] and this could also be the case of MBC. In addition, several mutated genes were identified to correlate with the prognosis of patients with MBC. The principal immunohistochemical feature of MBC cells is the positive CD44 and the overexpression of the Yes-associated protein, both of which are stem cells markers [13, 39] . Genomic profiling has shown a down-regulation of the DNA repair pathways including BRCA1, PTEN and TOP2A [40, 41] . In some studies, up to 35% of MBC patients had PIK3CA mutations [42] and a PIK3CA inhibitor has also shown efficacy in improving outcomes of metastatic MBC [43] . A recent study showed that 46% of MBC expressed PD-L1 [44] , opening up the possibility of trials using immune checkpoint inhibitors for MBC, as is now being tested in TNBC trials [45] . Finally, the presence of mesenchymal and sarcomatous elements also may explain the different biologic behavior and pattern of metastasis. Therefore, precise guidelines are needed regarding the administration of adjuvant RT.
Current guidelines recommend adjuvant RT for breast cancer patients with 4 or more metastatic axillary nodes, large primary tumor (> 5 cm) or after lumpectomy [46, 47] . MBC is characterized by large tumor size and rapid growth, hence RT should be considered. In the National Cancer Data Base (NCDB) study, a higher AJCC stage was common for MBC patients, despite having more lymph node-negative tumors. Hence, the tumor stage is strongly influenced by the tumor size. Compared with IDC patients, who at diagnosis have usually T1 tumors (65.2%), only 29.5% of MBC patients are in T1 stage at presentation [7] . A cohort study showed that RT is not useful for patients undergoing mastectomy with tumors < 5 cm or with < 4 metastatic axillary lymph nodes [10] . We confirmed these findings in our PSM analyses, after stratifying patients according to tumor size: RT was associated with improved OS in MBC patients with larger tumor size (> 5 cm). When stratified by N stage, we found that patients with both N0 and N1 could benefit from RT. Low likelihood of lymphatic involvement in MBC may be the cause of this result. However, RT could reduce the risk of death by 50.3% for patients with N2 stage, whereas for patients with N1 stage the reduction is only 26.2%. Due to the small sample sizes obtained after propensity matching, we did not find any survival benefit for stage N3 and N4.
Age over/equal 60 years at diagnosis was found to be a poor survival factor in multivariate analysis. Similar results have been reported in other population-based studies including SEER database (HR 2.9 95% CI 2.1-3.9) [9] and NCDB database (HR 1.018 95% CI 1.009-1.027) [48] . One of the reasons is that older women patients may not always get the most optimal treatment. Assuming older women may not handle treatment side effects as well as younger women, doctors tend to treat breast cancer in older women less aggressively. Therefore, the use of RT decreases with increasing age at diagnosis [49] . In our study, elderly (≥ 60 years old) received more rarely RT (54.5% vs 45.5%) compared to younger patients. Truong et al. [50] reported that radiation omission was significantly associated with increased relapse rates and poorer OS and BCSS. The highly aggressive MBC probably is one of the reasons for this negative outcome. Our subgroup analyses revealed that RT significantly improved OS in older MBC patients. Furthermore, the use of RT was shown to be associated with improved survival in patients, regardless of the surgical procedure performed. Interestingly, patients receiving breast-conserving surgery, and RT demonstrated a 43.7% decrease in death from any cause compared with patients receiving mastectomy and RT which showed a reduction of only 25.7%. Patients who underwent SLNB and ALND benefited similarly from RT (42.9% vs 31.9%).
Besides the large population included and the interesting results obtained for RT, we acknowledge some limitations to our study. One important limitation is the absence of information on systemic chemotherapy and endocrine therapy regimens due to the design of the SEER database. Missing these important parameters could lead to potential bias. Despite the large population, 2267 patients, selected for this study, the sample size was not big enough for more detailed subgroup analyses, such as age, ethnicity, and stage before PSM. The use of the PSM method might reduce the bias caused by the imbalanced distribution of the obtained covariates. In addition, the SEER database does not provide any data on some risk factors for breast cancer, such as smoking and menstrual status, which may contribute to additional study bias. Regarding RT in the SEER database, there is no information on the dose or intended target. Thus, we had no data about the radiation dose time, methods, intent, side effects, etc. which may all contribute to the survival. Interestingly, the large time interval of diagnosis for MBC patients may have been a bias considering that during this period, changes in chemotherapy regimen have been documented. For this reason, we divided the cohort in two time periods (1998-2005 and 2006-2015) , before and after the addition of taxanes [28, 29] . We repeated the analysis to test the effect of RT for MBC in these 2 different sub-cohorts, giving a weight to the introduction of the use of taxanes in 2005. Interestingly, for both groups we obtained a better OS and BCSS if RT was performed, independently of the period of diagnosis [12] . Nevertheless, the SEER database usually has high completeness and is representative of the real patient population [22] . The results obtained are therefore robust from the statistical point of view and even after both multivariate and PSM analyses were performed, the OS and BCSS did not change appreciably.
Conclusions
Based on our results, the MBC patients receiving RT resulted having a better BCSS and OS compared to MBC patients not treated with RT, in particular in presence of large tumors and elderly patients (≥ 60 years). Additionally, RT was associated with improved outcomes in patients with N0 stage, hence MBC patients with N0 stage could also benefit from RT. Further prospective studies with a sufficient sample size are needed to confirm these findings. In addition, although axillary node dissection is likely to add very little in terms of improved outcomes in MBC [48] , omitting axillary node dissection could be evaluated in future studies to define the guidelines for MBC.
